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Abstract 
This paper presents the design, fabrication and measurement 
of a high gain 4-elements linear patch array, which uses the 
corporate feed technique with inset for excitation resonating 
at 5.216 𝐺𝐻𝑧. 𝐹𝑅 − 4 is used as a dielectric substrate for the 
proposed array structure. The designed array is simulated 
and optimized by using CST microwave studio software. 
The element of the array is designed using the transmission-
line model equations. The ground plane is made defective by 
incorporating slots and the reflective ground is utilized to 
enhance the gain of the array. The simulated and measured 
results for various parameters of the array are presented. The 
comparison between simulated and measured results show 
good agreement with little deviation. The optimized 
dimensions of the proposed design provides a maximum 
gain of 9 dB and a maximum directivity of 12.81 dBi. The 
antenna has been designed for the range 5.15 − 5.35 𝐺𝐻𝑧 
which is one of the ranges for 5 𝐺𝐻𝑧 band for wireless local 
area networks (WLAN) applications as the 𝐼𝐸𝐸𝐸 802.11 
standard states. 
1. Introduction 
The characteristics such as simple in construction, compact 
in size, low cost in fabrication etc make microstrip antennas 
suitable for various applications such as mobile 
communications, radar applications, aircraft systems, etc. 
The rectangular and circular patch antennas are the most 
common patch configurations and suitable for many 
applications [1-2]. Circular polarizations [3], dual 
polarization [4-5], dual frequency operation [6], broad 
bandwidth [7], feed line flexibility [1] and beam scanning 
[2] can be easily obtained from these patch antennas. There 
are many favorable characteristics of microstrip antennas, 
however these antennas suffer with the major limitations of 
low gain and narrow bandwidth [1].  
Researchers are continuously working to improve the 
gain characteristics and have proposed various techniques to 
improve the gain of the microstrip patch antennas. In [8], the 
multilayer substrate is used to improve the performance of 
the antenna. The maximum gain of 9.5 dB was achieved. In 
[9] a high gain E-shaped microstrip antenna is designed for 
high speed wireless networks. In this antenna, the patch is 
covered by a radome and the antenna is fed by an 
electromagnetically coupled and the designed antenna 
provides the maximum gain of 11 dBi. In [10], the design of 
a dual stacked high gain microstrip antenna is proposed. 
Using stacked patches the gain bandwidth for above 8 dB is 
increased by 40%. In [11], authors have presented an E-
shaped dual band patch antenna with the maximum gain of 
10.37 dB at 1.84 GHz. The design of a high gain microstrip 
antenna for the radio frequency wireless power transfer and 
energy harvesting applications is presented in [12]. The 
thick substrate is used to enhance the gain of the proposed 
antenna and a gain of 4.14 dB gain is achieved. The 
directivity of the microstrip antennas can also be enhanced 
by operating in higher order mode than in fundamental mode 
[13-15]. Patch antenna arrays have lot of gain performance 
improvement compared to single patch antennas, this fact 
about the patch antenna arrays makes them very popular in 
applications where high gain is required [1-2].  
This paper deals the gain enhancement using the array 
and slots in the ground plane which is separated from the 
reflective layer by the spacers with medium as air. The 
design and development of 4-elements microstrip antenna 
array is presented. The simulated and measured results have 
been presented and analyzed. The achieved maximum gain 
and directivity of the presented array are 9.019 dB and 
12.81 dBi, respectively. The designed and developed array 
is suitable for 5 GHz WLAN applications. Rest of the paper 
is organized as follows. Section 2 presents the proposed 
array design, geometrical configuration of the array and the 
dimensions of the array. The simulated and measured 
results are discussed in section 3. Finally, section 4 
concludes the work.  
2. Proposed array design  
This section presents the design procedure of the proposed 
array. The most commonly used rectangular patch is chosen 
as the element of the array. The array is fed by using a 
corporate feed network to maintain the constant behavior of 
the pattern of the array as the path travelled by the signals in 
each path is same and the phased difference between the 
elements are not dependent upon the frequencies. Corporate 
feed network with inset at each patch to match the input 
impedance properly by adjusting the inset position  𝑦!  ,is 
employed to feed the antenna because it gives the design 
power over each element of the network thus making it easy 
to optimize the parameters in order to get the required 
results. Initially, the element of the array is designed. In the 
next step, a 2x1 array is designed. After 2x1 array design, 
the 4x1 array is designed and finally using the concept of 
slots in the ground plane and the reflected layer is used to 
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design the high gain array. Each step of the array design is 
discussed below. 
The rectangular patch array element is designed for 5 
GHz WLAN frequency band. The method of analysis used 
to analyze the patch elements and the entire array is the 
transmission line model due to its simplicity. The design 
equations of the rectangular patch are given below [1]. 
The width of the patch (𝑊) is computed by [1]: 𝑊 = !!!! !!!!!                                           (1)                                                             
Where c, 𝑓! and 𝜀! are the speed of light, resonant frequency 
and dielectric constant of the substrate, respectively. 
Considering the fringing effect, the effective dielectric 
constant (𝜀!"##) and the actual length of the patch (𝐿) are 
computed by [1]: 𝜀!"## = !!!!! + !!!!! !!!"#!                                   (2) 𝐿 = 𝐿!"" − 2∆𝐿 = !!!! !!"## − 2∆𝐿         (3)             
where ∆𝐿 = ! !.!"# !!"##!!.! !!!!.!"#!!"##!!.!"# !!!!.!          (4) 
Where ℎ  is the thickness of the substrate. The substrate 
height ℎ, dielectric constant 𝜀! and resonant frequency 𝑓! are 
chosen to be 1.5 𝑚𝑚,4.4 and 5.25 𝐺𝐻𝑧, respectively. The 
designed element is shown in Fig. 1.   
 
 
Figure 1: Element of the array 
In the 2x1 array design, firstly the feeding network is 
designed and optimized. The designed feeding network is 
used to feed the patches as shown in Fig. 2. Here matching 
of individual patches to 100 Ω is done, since the T-junction 
(𝑍1 = 𝑍2 + 𝑍3 = 2 ∗ 𝑍2 = 2 ∗ 𝑍3 ,where 𝑍1 is the stem of 
the junction)  is employed so that the entire array can be 
easily matched to 50 Ω  . The designed 2x1 array is 
optimized to meet the specifications. 
 
 
Figure 2: 2x1 patch antenna array schematic 
The 2x1 array design concept is extended to design 4x1 
array. In this design, the feed network of 2𝑥1 patch antenna 
array is first appended by the quarter wavelength section to 
convert 50 Ω of the 2x1 array input strip line to 100 Ω and 
dimensions are optimized. The two 2𝑥1 antenna array feed 
networks are combined using a T-junction and again 
optimized to achieve the reflection coefficient as per the 
standards and the input impedance matching to 50 Ω. The 
entire array is designed and optimized further in order to 
fulfil the specifications of this design project. The quarter 
wave line has a length of ℷ! and the width of 1.61 𝑚𝑚 which 
corresponds to 70.7 Ω.  
Gain increases with the decrease in the side lobe level 
of the patch antenna, the decrease in side lobe level is 
achieved by using the two techniques as explained here. The 
circular slots in the middle of the patches on the ground 
plane are inserted and the effect of the radius on the gain and 
resonant frequency is analyzed. The variation of gain and 
resonant frequency with the radius of slots is shown in Fig. 
3. From Fig. 3, it is observed that the gain and resonant 
frequency increase upon increasing the radius of the slot. 
Considering the resonant frequency for 5.15 GHz, the 
maximum possible radius for maximum gain is 2 mm.  
 
 
Figure 3: Variation of gain and resonant frequency with 
radius of slot. 
 
To enhance the gain further a reflecting layer of same 
substrate material and thickness covered by copper of 0.035 𝑚𝑚 is added to the patch array to redirect the side 
lobes and back lobes back to the main lobe. The reflecting 
layer helps with the strengthening of the main lobe by 
redirecting the radiation in the undesired direction back to 
the main lobe. Spacers used in simulation are the FR-4 
spacers. The effect of the spacers length on the gain and 
resonant frequency is analyzed. The variation of the gain 
and resonant frequency with spacers length is shown in Fig. 
4. From Fig. 4, it can be observed that the resonant 
frequency is independent from spacers length and the 
optimum value of spacers length for maximum gain is 7.98 
mm  
For the optimum value of the spacers length, the effect 
of the radius of the slots upon the reflection coefficient is 
studied and shown in Fig. 5. It can be observed that the 
resonant frequency decreases upon increasing the radius of 
slots. The resonant frequency of the array is 5.3 GHz, 5.25 
GHz, 5.2 GHz, 5.13 GHz and 5.06 GHz for the slot radius 1 
mm, 1.5 mm, 2 mm, 2.5 mm and 3 mm, respectively. 
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Figure 4: Variation of gain and resonant frequency with 
spacers length (radius of slot =2 mm) 
 
Further, the effect of slot radius upon gain at various 
frequencies are investigated and presented in Fig. 6.  From 
Fig. 6, it is observed that the gain increases with increase in 
radius of slot significantly for lower frequencies, however 
there is small decrease in the gain for some part of higher 
frequency range. So, considering the resonant frequency 
shifting and gain variation with radius of slots the optimum 
value for radius of slot for the specified frequency range is 2 
mm. However, the gain of the array can be increased further 
for lower frequency design. 
 
 
 
Figure 5: Reflection coefficient of the array for various 
radius of slots (spacers length =8 mm). 
 
The geometry of the proposed 4x1 array with high gain 
is presented in Fig. 7.  The top view, side view, ground 
plane with circular slots and the combined overall array are 
shown in Fig. 7(a), Fig, 7(b), Fig. 7(c) and Fig. 7(d), 
respectively. The proposed design is optimized using CST 
microwave studio. The detailed optimized dimensions of the 
structure are given in Fig. 7 (a) and is summarized in Table 
1. 
 
Figure 6: Variation of gain and resonant frequency with 
spacers length (spacers length =8 mm). 
 
 
 
(a) Top view 
 
 
(b) Side view 
 
 
(c) Ground plane with circular slots 
 
 
(d) The combined overall array comprising a reflecting layer 
 
Figure 7: Geometry of the proposed array, (a) top view, (b) 
side view, (c) ground plane with circular slots, (d) the 
combined overall array comprising a reflecting layer. 
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Table 1: Optimized dimensions. 
S. 
No. 
Dimension 
parameter 
Value 
1 Length of the patch 18 mm 
2 Width of the patch 12.6 mm 
3 Radius of slots 2 mm 
4 Spacers length 7.98 mm 
5 Thickness of the 
substrate 
1.5 mm 
6 Dielectric constant 
of the substrate 
4.4 
 
 
3. Fabrication, results and discussion 
The array with optimized dimensions is fabricated and 
measured. To test the antenna using the probe, an SMA 
connector is soldered on the patch’s input strip line and 
ground plane. The images of the fabricated array are show in 
Fig. 8. The top view, ground plane layer with circular slots 
and the combined array are shown in Fig. 8(a), Fig. 8(b) and 
Fig. 8(c), respectively. 
 
 
(a) Top layer 
 
 
(b) Ground plane layer with circular slots. 
 
 
(c) The combined array 
  
Figure 8: Photographs of the patch array prototype and 
measurement setup, (a) top layer, (b) ground plane with 
slots, (c) the combined overall array. 
 
The simulated and measured reflection coefficient of the 
proposed array is shown in Fig. 9. The simulated reflection 
coefficient is less than -10 dB for the frequency range from 
4.8 GHz to 5.3 GHz, hence the bandwidth of the designed 
array is 4.8 GHz-5.3 GHz. The little deviation in the 
measured and simulated results are possibly due to the 
connector and dielectric losses as well as the resolution 
limitation of the fabrication machine.  
 
 
Figure 9: Reflection coefficient of the proposed array. 
 
The simulated radiation patterns of the array is shown in Fig. 
10. The 3D gain pattern at 5.15 GHz, the normalized 
patterns in ∅ = 0!  plane at 5 GHz and 5.15 GHz, the 
normalized patterns in ∅ = 0! plane at 5.25 GHz and 5.35 
GHz, the normalized patterns in ∅ = 90! plane at 5 GHz 
and 5.15 GHz, the normalized patterns in ∅ = 90! plane at 
5.25 GHz and 5.35 GHz are shown in Fig. 10(a), Fig. 10(b), 
Fig. 10(c), Fig. 10(d) and Fig. 10(e), respectively. From 
these figures, it is observed that the pattern in ∅ = 0! plane 
have narrow beam as compared to ∅ = 90!  plane. The 
direction of the main beam is constant for the entire 
frequency range. The cross polarization level is very low in 
all radiation patterns. The simulated gain and directivity of 
the array at various frequencies are depicted in Table 2. 
From Table 2, it can be observed that the efficiency of the 
array is low and it is due to dielectric losses in lossy FR4 
substrate. In the case of array, the signals travel for long path 
in the dielectric as compared to antenna and the substrate is 
of bigger size in the structure of array, hence losses are 
more. The efficiency of the array can be improved by using 
other dielectric substrate with low loss. The maximum gain 
of 9.0 dB at 5.15 GHz and the maximum directivity of 12.81 
dBi at 5.15 GHz are achieved by the proposed array. The 
designed and developed high gain array is suitable for 5 
GHz WLAN applications. 
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(a) 3D	at	5.15	GHz	
 
 
(b) ∅ = 𝟎𝒐 plane at 5 GHz and 5.15 GHz 
 
 
(c) ∅ = 0!	plane	at	5.25	GHz	and	5.35	GHz	
 
 
(d) ∅ = 90! plane at 5 GHz and 5.15 GHz 
 
 
(e) ∅ = 90! plane at 5.25 GHz and 5.35 GHz 
 
Figure 10: Radiation patterns of the array (a) in 3D at 5.15 
GHz, (b) in ∅ = 0! plane at 5 GHz and 5.15 GHz, (c) in ∅ = 0! plane at 5.25 GHz and 5.35 GHz, (d) in ∅ = 90! 
plane at 5 GHz and 5.15 GHz, (e) in ∅ = 90! plane at 5.25 
GHz and 5.35 GHz. 
 
Table 2: Max. gain and max. directivity of the array. 
S. 
No. 
Frequency Max. 
gain 
(dB) 
Max. 
directivity 
(dBi) 
1 4.8 GHz 6.76 11.74 
2 5.0 GHz 8.56 12.48 
3 5.15 GHz 9.0  12.81 
4 5.2 GHz 8.90 12.79 
5 5.3 GHz 8.32 12.67 
 
 
4. Conclusion 
A high gain four element linear patch array has been 
designed, fabricated and measured in this paper. The gain of 
the array is enhanced by utilizing the slots in the ground 
plane and the reflected ground plane. The design is 
simulated and optimized. The optimized structure is 
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fabricated and measured. The simulated and measured 
results are presented. The comparison between measured 
and simulated results show good agreement with little 
deviation. The presented array covers the frequency range of 
5 GHz WLAN. The maximum gain and maximum 
directivity of the presented array are 9.019 dB and 12.81 
dBi, respectively and the cross polarization is very low. The 
presented array is suitable for 5 GHz wireless local area 
networks applications. 
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